INTRODUCTION
Maize is one of the most important food staples in the world. In 2011-2012, the worldwide maize production was about 877 million tonnes and accounted for about 24% of the total cereal production (www.igc.int; retrieved on 10.4.2014). Though conventional breeding tools are most widely used in crop improvement, biotechnological tools widened the scope of crop improvement by way of helping scientists to understand the roles of different genes and engender foreign genes in the plant with a view to imparting novel and beneficial traits. Several genetic engineering studies have been focused on maize since 1990 after achieving regeneration of complete fertile plant through Biolistic ® method (GordonKamm et al., 1990). Later, Agrobacterium-mediated maize transformation was also demonstrated using super binary vector (Agrobacterium strains harbouring extra copies of virB, virC and virG) (Ishida et . Maize transformation was successfully achieved using the temperate maize such as hybrid HiII (A188 Χ B73), harbouring genes for somatic embryogenesis from the A188 genotype (González et al., 2012). However, such transformation system is not available for tropical maize and they are considered recalcitrant for genetic transformation. In this study, with a view to developing a high frequency transformation protocol, we optimised different parameters which influence generation of transgenic plants in maize. We studied the effect of size of the immature embryos, microcarrier flying distance and resting period on transient and stable expression of transgene.
MATERIAL AND METHODS

Plant material and immature embryo culture
A relatively more tissue culture-responsive Indian tropical maize inbred line, UMI29 was used in this study. Cobs were harvested 8-12 DAP and used for isolation of immature embryos. The husk was removed and the cobs surface sterilised using 2.5% sodium hypochlorite for 5 min followed by three washes with sterile distilled water. Immature embryos of 1.5 and 2.0 mm-long were excised aseptically from sterilized immature cobs using a sterile scalpel as described by Frame et al. (2002) . Isolated immature embryos were cultured in vitro with their scutella facing upward on the callus induction medium (N6 medium supplemented with 1 mg/l 2,4-D, 15 µM DICAMBA,10 mg/l AgNO3 and 2.88 g/l proline) placed for 4 days in the dark at 25±2 °C prior to bombardment.
Plasmid
The immature embryos were bombarded with pAHC25 (Christensen & Quail, 1996) which contains bar gene, the selectable marker gene conferring resistance to the herbicide, phosphionthricin and β-glucuronidase (gus) gene, the reporter gene, either of them placed under the control of a maize ubiquitin 1 (ubi-1) promoter (Figure 1 ).
Figure 1 Physical map of pAHC25 vector
Tropical Indian maize inbreds are known for their recalcitrance in tissue culture which is a prerequisite for development of transgenic lines from such cultivars. In the present study, particle bombardment-mediated transformation of a tropical Indian maize inbred line, UMI29 was attempted. Parameters that infulence transforamation efficiency such as size of embryo (1.5 mm and 2.0 mm), micro-carrier flying distance (6 cm and 9 cm) and post-bombardment resting period (2, 7 and 10 days) on transient and stable expression of transgene were investigated. The greatest transformation efficiency of 2.67% was obtained using immature embryos of 1.5 mm at 6 cm of microcarrier flying distance with a resting period of 2 days. Stable inheritance of transgenes, viz., gusA and bar was confirmed in T1 lines.
Particle bombardment
The pre-cultured immature embryos (1.5 or 2.0 mm long) were arranged at the centre of the plate containing osmoticum medium (callus induction medium containing 36.4 g/l mannitol and 36.4 g/l sorbitol) with scutella facing upward 4 hours prior to bombardment. The embryos were bombarded twice at a 6 or 9 cm microcarrier flying distance with the DNA coated onto 0.9 µm dia gold particles (prepared as described by the manufacturer) using the PDS 1000/He device (Biorad, USA) with a 4 hour interval in between. The bombarded embryos were transferred onto a fresh callus induction medium 16 hour post bombardment treatment on osmoticum medium.
Selection
On the lapse of 2, 7 or 10 days of resting period meant for facilitating an easy recovery from the bombardment shock, the embryos were transferred onto a selection medium (callus induction medium containing 3 mg/l phosphinothricin) and incubated in the dark at 25±2 °C. The cultures were sub-cultured onto a fresh selection medium at a 15-day interval and maintained in the dark at 25±2 °C.
Shoot initiation and regeneration
The embryogenic calli that withstood three rounds of phosphinothricin selection were transferred onto a regeneration medium (MS medium supplemented with 1 mg/l kinetin and 1 mg/l BAP) and incubated under 16 hours of light and 8 hours of dark at 25±2 °C in a plant growth chamber. The matured somatic embryos germinated on the regeneration medium produced roots and shoots.
Shoot elongation and root proliferation
The shoots of 3-5 cm in length with primary roots were transferred to MS medium and incubated at 25±2 °C with a photoperiod of 16 hours light and 8 hours dark in a plant growth chamber for elongation of shoots and induction of secondary roots. The plantlets with 2-3 well developed leaves were forwarded for hardening.
Hardening
The plants with well developed root and shoot system were transferred to sterile pots containing sterile soil, sand and vermicompost mixture in 1:1:1 ratio maintained in a culture room at 25±2 °C under 16 hours of light for 10-15 days. After the plant had produced 1-2 healthy leaves, they were transferred to transgenic greenhouse.
PCR analysis
The presence of gusA gene in the transformed plants was confirmed by a PCR amplification of 878 bp of an internal fragment of gusA gene using a set of primers, GUS1F (5'CAACGAACTGAACTGGCAGA3') and GUS1R (5'TTTTTGTCACGCGCTATCAG3').
GUS assay
GUS analysis was carried out as described by Jefferson (1987). Transient GUS expression assay was carried out 48 hours after second bombardment in the bombarded and control embryos and the number of blue spots per embryo was scored. In the stable GUS assay, GUS expression was studied in different plant parts (leaf bit, seed and bract) of the putative transgenic (T0) and control plants.
Basta leaf painting assay
The Basta leaf painting assay was carried out on a photosynthetically active third leaf. At the centre of the third leaf, 5 cm area was marked and was swabbed with cotton soaked in 1.0% Basta solution containing 0.1% tween 20. Seven days after Basta painting, the leaves were scored for herbicide tolerance. A control was maintained by using the same procedure in the wild type UMI29 plants.
Statistical analysis
The data were analysed using AgRes Statistical Software, Version 3.01 (Pascal International Software Solutions, 1994). ANOVA was worked out on the data transformed by arcsine or square root transformation of the percentage or count data, followed by least significant difference (LSD) test to select the best treatment. Mean and standard error were performed in worksheet format using the data analysis tool pack feature available in MS Office Excel 2007 software.
RESULTS AND DISCUSSION
Several factors are known to influence genetic transformation efficiency of particle bombardment-mediated method and optimization of these parameters is critical to recover transgenic plants with high transformation efficiency. Immature embryos of UMI29, an Indian tropical maize inbred were used as explants in particle bombardment experiments. The immature embryos are sporophytic tissue capable of producing somatic embryos which eventually give rise to plants. Due to their amenability for tissue culture and regeneration, immature embryos are the most widely used explants in maize in vitro culture (Green and Phillips, 1975 
Size of the immature embryo
The size of the immature embryo used is one of the biological factors that affect the culture response and transformation efficiency. When two different sizes of embryos (1.5 and 2.0 mm) were bombarded, these bombarded immature embryos produced four different types of calli namely, Type I, Type II, non embryogenic and rhizogenic calli on selection medium. Among them, Type I and Type II calli which were capable of regeneration were forwarded to further rounds of selection. On the other hand, the embryos that could not withstand selection either remained as such and died or formed watery calli that later turned brown and died. The embryogenic calli originated six days after culture in 1.5 mm embryos and 10 days after in 2.0 mm sized embryos. The embryo of 1.5 mm long produced callus predominantly of Type II nature (74%) while 2.0 mm embryos produced callus mostly of Type I nature (31%; Tab 1). The use of Type I and Type II calli in producing regenerable plants after bombardment were reported by earlier workers (Brettschneider et al., 1997; Frame et al., 2000) . The 1.5 mm long embryos were tender and young enough to undergo complete dedifferentiation while 2.0 mm long embryos produced large nodular embryogenic calli from the scutellar region (Figure 2 ). Since the 1-2 layer thick mantle of embryogenic units were capable of regeneration, genetic transformation targeting this region in both the sizes of embryos produced stable GUS expressing transformed plants (1.5 mm embryos produced 7 plants and 2.0 mm embryos produced 3 plants; Tab 
Resting period
Different periods of resting (2, 7 and 10 days) were given to immature embryos post-bombardment in order for allowing the proliferation of transformed calli before subjecting them to selection pressure. With an increase in resting period, the number of calli that survived in selection got increased (Tab 2). However, a two-day resting period generated the greatest number of GUS expressing transgenic plants (4 plants), while that associated with 7 and 10 day resting periods produced 3 plants each (Tab 2). Resting period of two days was found to be sufficient for recovering the greatest number of transformants. Besides it was found that the number of escapes was the least in two-day resting. A two-day resting period was adopted by Vain et al. 
Microcarrier flying distance
The microcarrrier flying distance (the distance from the microprojectile launch site to the biological target) is one of the critical physical factors that affect the transformation efficiency. Sanford et al. (1993) observed that the microcarrier flying distance was critical when working with small microcarriers and had to be minimised to maintain adequate velocity. With the increase in distance of flying distace the velocity of microprojectiles gets reduced, resulting in less penetration of microprojectiles into the callus. A higher number of transient GUS expression spots were detected when explants were placed at 6 cm (71.6 spots) microcarrier flying distance compared to 9 cm (53.4) distance (Tab 3; Figure 3 ). The number of stable transformants generated was also maximum at 6 cm microcarrier flying distance (Tab 3). Tadesse 
Transgenic plant recovery and stability of the transformants
Thirty four putative transformants were generated and 10 plants showed the presence of gus gene in PCR analysis (Figure 4) . Stable GUS expression analysis in different plant parts of PCR positive plants revealed a strong GUS expression in seeds followed by bracts ( Figure 5 ). The intensity of GUS gene expression was varying in different events. This may be due to the methylation of the cytosine residues of the introduced DNA (Southgate et al., 1995) . Klein et al. (1990) also observed the variation in GUS expression between the events derived from suspension culture by particle bombardment due to the variation in DNA methylation of introduced gene. The interaction effect between the embryo size and microcarrier flying distance was significant and a maximum number of stable GUS expressing transgenic plants (4 plants) were generated from 1.5 mm long immature embryos bombarded at 6 cm. Since the embryogenic calli developed from 1.5 mm long immature embryos were soft and fragile, the penetration of microprojectiles and subsequent integration of foreign DNA into the nuclear genome was efficient even at 9 cm distance, where the velocity of microprojectiles was low compared to 6 cm distance to penetrate harder tissue (3 plants; Tab 4). In contrast, deeper layers of scutellar tissue had to be targeted in 2.0 mm embryos. Kemper et al. (1996) reported that the 3 rd or deeper layers of scutellar tissue can be targeted by using heavy bombardment procedures like 1800 psi and 4.8 cm microcarrier flying distance. But the tissue damage must to be minimised by optimising the pre and post osmoticum treatments. We recorded a maximum transformation efficiency of 2.67% at 6 cm microcarrier flying distance using 1.5 mm long-immature embryos compared to 9 The stability of the transgene in T1 generation was studied in JB-UMI29-2 and JB-UMI29-8 events. Thirteen out of nineteen and twenty two out of forty eight plants were found to be positive for GUS expression in JB-UMI29-2 and JB-UMI29-8 events respectively (Tab 5) . This demonstrated a stable inheritance of transgenes. 
CONCLUSION
Genetic transformation is one of the tools in crop improvement programs. To utilize these tools, transformation protocol for cultivars of regional importance needs to be standardized. In an attempt to develope a high frequency transformation protocol for Indian tropical inbred UMI29, we investigated different parameters which influence generation of transgenic plants. We achieved a transformation efficiency of 2.67% in an Indian tropical inbred, UMI29 using 1.5 mm long immature embryos at 6 cm of microcarrier flying distance. In future, the protocol developed by us can be followed in gentic transformation experiments to transfer various other useful genes. .1079/IVP2003439 FRAME, B., SHOU, H., CHIKWAMBA, R., ZHANG, Z., XIANG, C., FONGER, T., PEGGLI, E., NETTLETON, B., PEI, D., WANG, K. 2002. Agrobacterium tumefaciens-mediated transformation of maize embryos using a standard binary vector system. Journal of Plant Physiology, 129, 13-22. http://dx.doi.org/10.1104/pp.000653 FRAME, B.R., ZHANG, H., COCCIOLONE, S.M., SIDORENKO, L.V., DIETRICH, C.R., PEGG, S.E., ZHEN, S., SCHNABLE, P.S., WANG, K. 2000. Production of transgenic maize from bombarded Type II callus: Effect of gold particle size and callus morphology on transformation efficiency. 
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